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Abstract 

Background:  Nigeria has a high burden of Tuberculosis (TB) including Drug-resistant Tuberculosis (DR-TB) and 
hearing loss. Despite several efforts directed toward its control, many patients fail to respond to treatment, having 
developed DR-TB. Lack of adherence to the DR-TB guidelines/improper implementation of the guideline has been 
identified as one of the factors impeding on effective treatment. This study sought to measure the implementation 
fidelity of health workers to management guidelines for hearing loss resulting from DR-TB treatment and to identify 
its determinants.

Method:  A questionnaire-based cross-sectional study was conducted at the Infectious Disease Hospital, Kano. 
Implementation fidelity of the Programmatic Management guidelines for the treatment of Drug-resistant Tuberculosis 
was measured under the four domains of content, coverage, duration and frequency. The determinants examined are 
intervention complexity, facilitation strategies, quality of delivery and participant responsiveness as proposed by the 
Carroll et al. framework. Other determinants used are age, sex, professional cadre and work experience of healthcare 
providers.

Results:  The Implementation fidelity score ranged from 40 to 64% with a mean of 47.6%. Quality of delivery, inter-
vention complexity, participants’ responsiveness, and being a medical doctor exerted a positive effect on imple-
mentation fidelity while facilitation strategy, age and work experience exerted a negative effect on implementation 
fidelity.

Conclusion:  The implementation fidelity of management guidelines for hearing loss resulting from DR-TB treat-
ment was low. Implementation fidelity should be assessed early and at intervals in the course of implementing the 
Programmatic Management of Drug-resistant Tuberculosis guideline and indeed, in the implementation of any 
intervention.

Keywords:  Adherence, Drug Resistance, Ototoxicity, Tuberculosis, Nigeria

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Hearing loss is a known complication of second-line 
drugs used in the management of Drug-Resistant 
Tuberculosis (DR-TB) [1, 2] . This complication is par-
ticularly common with injectable medications such as 
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aminoglycosides, which often cause permanent damage 
to the hearing and balance systems of humans [3, 4]. 
Yet these medications remain essential in the manage-
ment of DR-TB, given the burden of the disease.

Nigeria has the tenth highest prevalence (323 per 
100,000 people) of TB globally [5, 6]. Despite sev-
eral efforts directed toward its control, many patients 
fail to respond to treatment, having developed DR-TB 
[7] - defined as resistance to at least one of the anti-
TB drugs [8, 9]. In 2017, the prevalence of DR-TB in 
Nigeria increased from 4.3% to 32% and from 25% to 
53% for newly diagnosed and previously treated cases, 
respectively [10]. This increase in prevalence raises 
concerns about meeting up with the target of providing 
access to DR-TB diagnosis to all presumptive DR-TB 
cases and enrolling 100% of diagnosed DR-TB patients 
on appropriate treatment, towards ending Tuberculosis 
by 2035 [10, 11] . Further concerns exist about the rise 
in the incidence of hearing loss resulting from intensi-
fied efforts to curb the rising cases of DR-TB. The inci-
dence of hearing loss secondary to DR-TB management 
increased from 15.6% in 2004 to 61% in 2016 and may 
be contributing to poor patient compliance to the treat-
ment regimen [12].

The factors suggested for the rising incidence include 
(i) limited qualified personnel to implement the man-
agement guidelines, (ii) lack of appropriate audiologi-
cal equipment for screening the patients on injectable 
second-line anti-TB drugs, (iii) health care personnel’s 
negative attitude towards patients with hearing loss, and 
(iv) lack of adherence to the DR-TB guidelines/improper 
implementation of the guideline [12, 13].

The World Health Organization’s (WHO) revised pro-
tocol for managing DR-TB called Programmatic Manage-
ment of Drug-resistant Tuberculosis (PMDT) published 
in 2011 emphasizes monitoring and management of 
adverse effects resulting from the DR-TB treatment regi-
men [10]. The core components of the suggested man-
agement strategy for managing hearing loss in PMDT are 
listed in sequential order:

1.	 Develop a management protocol and train all staff 
responsible for delivering treatment of DR-TB and its 
implementation.

2.	 Inform patient about the early symptoms of ototoxic-
ity, such as tinnitus and dizziness.

3.	 Perform a monthly audiometry of every patient on 
injectables, starting with a baseline at the time of 
enrolment on treatment.

4.	 If the patient is experiencing clinically significant 
ototoxicity, decrease the dosing frequency of the 
injectable to two to three times a week. Then, con-
sider switching to capreomycin.

5.	 Stop the injectable if symptoms worsen despite dose 
adjustment, and add additional anti-TB drugs to rein-
force the regimen

Nigeria adopted the guideline in 2012 (Addi-
tional file 1). The management of hearing is a component 
of the Nigerian TB Guideline [14, 15].

Whereas there are currently nine special centres estab-
lished in Nigeria to carry out a hearing assessment in 
the treatment of DR-TB [16]. Empirical evidence is lack-
ing on how well the guidelines are being implemented 
nor on the factors affecting the implementation process. 
This study contributes to filling this gap by assessing the 
implementation fidelity of the management guidelines for 
hearing loss among healthcare providers at the DR-TB 
Centre of the Infectious Diseases Hospital, Kano State, 
Nigeria.

Methods
Analytical Framework
Implementation fidelity has been defined as “the degree 
to which programs are implemented as intended by the 
program developers” [17]. The conceptual framework in 
Fig. 1 adapted from Carroll et al. guided the assessment 
of implementation fidelity and its determinants in this 
study [12]. Implementation fidelity has four constructs of 
duration, frequency, coverage and content [18]. The four 
determinants affecting implementation fidelity according 
to the framework are: intervention complexity, facilita-
tion strategies, quality of delivery and participant respon-
siveness [19].

Facilitation strategies refer to the delivery mechanism 
employed towards the effective implementation of an 
intervention. These strategies include training and the 
provision of protocols and guidelines. Quality of deliv-
ery typically describes the way the health care providers 
deliver the intervention. In this case, receiving supportive 
supervision, coaching and mentoring was used as a proxy 
measure of the quality of delivery of the PMDT manage-
ment guideline (Additional file 1). Intervention complex-
ity describes the sophistication of an intervention, as 
simple, detailed intervention are very much likely to be 
delivered with high adherence (implementation fidelity) 
as compared to complex, vague interventions. Partici-
pants’ responsiveness refers to the extent of participants’ 
responses to the program or their level of engagement by 
it (here, PMDT management guideline). This often could 
be inferred from both the recipient of the intervention 
and the personnel responsible for delivering the interven-
tion. Table 1 summarizes these analytical constructs. The 
following characteristics of the healthcare providers were 
also included in the model: age, sex, work experience and 
professional care.
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Study setting, design and population
The study was conducted at the Infectious Disease 
Hospital (IDH), Kano, Nigeria. The IDH is a public 
specialized secondary health care facility serving a 
population of about 1.5 million people and having 
a patronage of about 300 patients/day. The hospital 
is the only infectious diseases hospital in the whole 
of Northern Nigeria and serves as a referral centre 
for Tuberculosis (TB) and handles the treatment of 
a patient with Drug-resistant Tuberculosis. Hearing 
loss assessment for DR-TB patients is conducted in 
IDH as part of PMDT guidelines’ implementation. 
The implementation fidelity assessment was a cross-
sectional study. All front-line health care provid-
ers that have been involved in the implementation 

of PMDT guidelines for at least 6 months before 
the enquiry in the facility were recruited. Staff that 
met the inclusion criteria but were unavailable for 
whatever reason during the period of the study were 
excluded.

Using 0.05 as the critical significant level with the 
power of 80%, the required minimum sample size of 
respondents was 73, (See Additional file 2 for Stata out-
put on the sample size calculation). We reached out to 
all health care workers at the centre (n = 80). A total of 
73 health care providers were successfully interviewed 
(response rate = 91%).

This study was guided by the STrengthening the 
Reporting of OBservational studies in Epidemiology 
(STROBE) checklist (Additional file 3).

Fig. 1  Conceptual framework for implementation fidelity adapted from Carroll et al. (2007)

Table 1  Analytical constructs and their operational definitions in this study

Analytical construct Operational definition in this study

Implementation fidelity Adherence to the Programmatic Management of Drug-resistant Tuberculosis guidelines

Facilitation strategies Training on and provision of protocols and guidelines to health care providers

Quality of delivery Supportive supervision, coaching and mentorship for implementation of the guidelines

Intervention complexity Perceived difficulty of implementing the guidelines by health care providers

Participants’ responsiveness The extent to which the health care providers understand the content of the guidelines
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Study questionnaire
Data were collected through an interviewer-administered 
questionnaire developed primarily for this study (Addi-
tional file 4). This was developed based on the domains 
and constructs of the adapted implementation fidelity 
framework. A 5-point Likert scale of “5-Strongly agree, 
4-agree, 3-neutral, 2-disagree and 1-strongly disagree” 
was used except for the facilitation strategy where Yes/
No responses were used. The questionnaire was tested 
for reliability, as well as face and content validity in a 
pilot study. Implementation fidelity was measured by ten 
questions across its four constructs; facilitation strat-
egy by six questions; quality of delivery by six questions; 
intervention complexity domain by three questions; and 
participants’ responsiveness by four questions. Other 
information collected is age, sex, professional cadre and 
duration of working in PMDT (work experience).

Data management and analysis
The Cronbach-alpha reliability test was used to confirm 
the internal consistency of the questions used in meas-
uring implementation fidelity and for each of the deter-
minants. The alpha values ranged from 0.50 to 0.86, 
indicating moderate to high internal consistency. This 
allows summation of the constructs to derive a compos-
ite score for each of the variables. The ten constructs of 
implementation fidelity had a minimum score of 10 and 
a maximum score of 50. Likewise, scores were computed 
for each of the four core determinants. The values were 
then converted to percentages for analysis. The relation-
ship between implementation fidelity and the determi-
nants was examined using a linear regression model in 
Stata 14.2 (Inc. USA).

Results
Table 2 presents the basic characteristics of the respond-
ents. Table  3 shows that the implementation fidelity 
score ranged from 40 to 64% with a mean of 47.6% and 
a median of 46%. The range, mean with standard devia-
tion and median with interquartile range for the four core 
determinates are also presented in Table  3. The unad-
justed model in Table 4 shows that only quality of deliv-
ery, participants’ responsiveness, sex and professional 
cadre were significantly associated with implementation 
fidelity.

In the adjusted model, facilitation strategies became 
significant and exerting a negative effect on implementa-
tion fidelity. Implementation fidelity decreases by 0.64 for 
every unit increase in facilitation strategy. On the other 
hand, for each unit increase in quality of delivery, imple-
mentation fidelity increased by 1.15. Similarly, implemen-
tation fidelity increased by 1.24 with each unit increase 

in intervention complexity. Implementation fidelity score 
had a negative relationship with healthcare providers that 
were not medical doctors.

The eight predictors in the model explained about 
77% of the variability in the model (R2 =  76.64). Thus, 
the characteristics measured in the model explained a 
good proportion of implementation fidelity in this con-
text of management guidelines for hearing loss and its 
determinants.

Discussion
Using primary data, this study measured implemen-
tation fidelity of the management guideline for hear-
ing loss resulting from the treatment of drug-resistant 
Tuberculosis among healthcare providers in the Infec-
tious Disease Hospital, Kano, Nigeria. The study found 
the implementation fidelity to the PMDT guideline to 
be low among the 73 health care providers surveyed. 
The implementation fidelity was significantly influ-
enced by facilitation strategies, quality of delivery, 
intervention complexity, and the professional cadre of 
the health care providers. Low implementation fidel-
ity of the PMDT guideline among healthcare providers 

Table 2  Basic characteristics of the study population

Variable N (%)

Age category

   ≤ 35 28 (38.4)

   > 35 45 (61.6)

Sex

  Male 14 (19.2)

  Female 59 (80.8)

Professional cadre

  Doctors 13 (17.8)

  Nurses 49 (67.1)

  Principal Clinical Assistant 11 (15.1)

Work experience

   ≤ 12 months 10 (13.7)

  13–36 months 17 (23.3)

   > 36 months 46 (63.0)

Table 3  Implementation fidelity scores

SD Standard deviation, IQR Inter quartile range

Variables Range% Mean (SD) Median (IQR)

Implementation fidelity 40–64 47.6 (5.7) 46 (42–52)

Facilitation strategy 17–100 78 (27.1) 83 (83–100)

Quality of delivery 06–20 15 (04.3) 17 (13–19)

Intervention complexity 20–60 41 (13.8) 47 (27–53)

Participants’ responsiveness 25–45 36 (06.8) 40 (30–40)
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may account for the rise in the prevalence of hearing 
loss resulting from DR-TB treatment in Nigeria. The 
finding resonates with the concept that the degree to 
which the interventions are implemented affects the 
outcome of the intervention [17]. Programs and inter-
ventions implemented with low fidelity usually lead to 
poor outcomes [20, 21].

This study found that facilitation strategies (largely 
training of staff ) hurt implementation fidelity. This 
finding is contrary to the expected positive influence 
that it should exert [12, 22]. Thus, our study suggests 
that more training does not necessarily improve the 
implementation fidelity of interventions. From the lit-
erature, this observed negative effect may be attribut-
able to training fatigue or the complexity of the training 
content or its delivery. Studies have established that 
programs are executed well with fidelity when they are 
simple, clear and detailed than when they are vague and 
non-specific [17, 19, 23]. But further studies may be 
necessary to provide context-specific knowledge on the 
gaps concerning the PMDT implementation in Nigeria.

The availability of supportive supervision (quality of 
delivery) and clear roles in the management guidelines 
(intervention complexity) positively affected imple-
mentation fidelity in this study. Similarly, higher imple-
mentation fidelity of intervention is achieved when a 
program is acceptable to the participants responsible 
for the implementation and recipients of the interven-
tion [23–25]. There is evidence from the literature that 
coaching, mentorship and supportive supervision is 
very effective in improving fidelity, acceptability and 
sustainability of the intervention [26, 27].

Nurses and principal clinical assistants were found to 
have significantly lower fidelity scores than the doctors. 
Whereas ther reasons for this are unclear from the results 
of this cross-sectional study, possible difference in train-
ing as well as the team leadership role of doctors in the 
center may have contributed to this outcome. The level of 
training and leadership have been found in the literature 
to influence implementation fidelity [28].

A counterintuitive finding in this study was that there 
was association between work experience and implemen-
tation fidelity. There is evidence from the literature that 
implementation fidelity improves with length of experi-
ence, given that length of experience is usually associated 
with self-confidence [29]. However, we spaculate that the 
highly specialized nature of the work done in this centre, 
as well as the recency of the guidelines may have a role 
to play in the findings of our study. Future research is 
needed to explore these findings further.

Strengths and limitations of the study
Our questionnaire was developed by the authors spe-
cifically for this contextaual study. This exposes the 
questionnaire to potential bias. To mitigate potential 
bias, both face and content validity tests were con-
ducted. The content validity in this study was done 
using the adapted constructs developed by Carol et al. 
Further, face validity was tested by five different practi-
tioners with experience on the research subject. These 
experts screened the questionnaire and confirmed that 
the constructs and domains of interest were adequately 
captured. Each item in the questionnaire was examined 
thoroughly with the intent to evaluate whether each of 

Table 4  Regression outputs of implementation fidelity and its determinants

a Statistical significance at 5% level

R2 = the value accounting for the internal variation of implementation fidelity in the model

Factors Unadjusted Model Adjusted (R2 = 76.64)

Coefficient 95% Cl Coefficient 95% CI

Facilitation strategies 0.18 −0.31-0.68 −0.64a −1.23--0.05

Quality of delivery 1.91a 1.11–2.71 1.15a 0 .17–2.12

Intervention complexity −0.69 −1.65 - 0.27 1.24a 0.53–1.95

Participants’ responsiveness 3.82a 2.07–5.56 0.57 −1.88 -3.01

Age 0 .32 −1.76 -2.41 −1.13 − 1.13

Work experience 0.45 −0.29 - 1.21 −0.14 − 0.14

Sex

  Female (Ref ) 0.00 0.00

  Male 10.37a 8.03–12.71 0.67 0.67

Professional Cadre

  Doctors (Ref ) 0.00 0.00

  Nurses −11.31a −13.67- -8.95 −12.80a − 12.80a

  Principal   Clinical Assistant (PCA) −9.34a −12.45- -6.24 − 13.25a − 13.25a
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the measuring items corresponds with the given con-
ceptual domain of the framework.

The use of only quantitative survey method in this 
health services research limits its ability to understand 
the depth of the phenomenon being investigated. For 
example, whereas participants’ responsiveness is one 
of the core determinants that can affect the imple-
mentation of fidelity [12], this study did not find any 
association between participants’ responsiveness 
and implementation fidelity. A follow-up qualitative 
research would be able to explain this phenomenon. 
That being said, this study has provided useful insights 
and measurable situation analysis which future stud-
ies can explore more comprehensively using qualitative 
methods.

Conclusion
The study found implementation fidelity of manage-
ment guideline for hearing loss resulting from Drug-
resistant Tuberculosis treatment to be low among 
health care providers at the infectious disease hospital, 
Kano, Nigeria. Training and retraining, though impor-
tant, maybe counterproductive if used predominantly. 
To improve fidelity in this context, efforts should focus 
on supportive supervision, coaching and mentorships. 
Such strategies may go a long way to reduce the inci-
dence of hearing loss, thus improving patients com-
pliance with the treatment regimen, and ultimately 
reducing the burden of DR-TB in Nigeria.
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